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CHAPTER 29 



Regulation of transcription 



The pJienotypic diiTerences thai distinguish the 
va rious kinds or cells in n higher eukaryole are 
largely due to differences in the expression of 
ff nes thai code Tor proteins, thai is, those tran- 
ccrihecl by RNA polymerase IJ. In principle. Ihe 
expression of these genes might he regulated at 
a nv one ol' several stages. The concept of the 
•level or control"" implies lhat gene expression 
is not necessarily an automatic process once it 
has begun. It could he regulaietl in a gene- 
specific way at any one or several sequential 
steps. We can distinguish (at least) five poten- 
tial control points, forming the series: 

Activation ol" gene structure 
•1 

'Initiation ol* transcription 
X 

Processing the transcript 
i 

Transport, to evtoplasm 
I 

Translation or mRNA 

The existence or the first step is implied by 
Ihe discovery that genes may exist in either oV 
hvo structural conditions. Relative to the state 
of most of Ihe genome, genes are round in 
•in "active" slate In the cells in which they 
are expressed (see Chapter 27). Jhe change oV 
structure is distinct from the act or transcrip- 
tion, and indicates that the gene is nranserib- 
able." This suggests lhat acquisition of the 
"active" structure must be Ihe first step in gene 
expression. 

Transcription or a gene in the active stale is 



controlled at the stage or initiation, that is. by 
the interaction or RNA polymerase with its pro- 
moter. This is now becoming susceptible to 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point: probably ii is the most common level or 
regulation. 

There is at present no evidence for control 
at subsequent stages or transcription in etikary- 
olic cells, for example, via antitermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end, and usually also by polyadenyla- 
tion al the 3' end. Inirons must be spliced out 
from the transcripts or interrupted genes. The 
mature RNA must be exported from, ihe nucleus 
to Ihe cytoplasm. Regulation or gene expression 
by selection or sequences at Ihe tevef of nuclear 
RNA might involve any or all or these stages, 
but the one for which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means or alternative splicing pat- 
terns whose regulation controls the type or pro- 
tein product (see Chapter 30). 

Finally. Ihe translation or an mRNA hi the cyto- 
plasm can be specifically controlled. There is little 
evidence for the employment or this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in Chapter T. 
The mechanism is presumed lo involve the block- 
ing or initiation or translation or some mRNAs by 
specific protein factors. 

But having acknowledged that control or gene 
expression can occur al multiple stages, and 
lhat production or RNA cannot inevitably be 
equaled with production or protein, it is clear 
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that the overwhelming majority or regulatory 
events occur at«lhe. initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a pivmoter element that is recognized 
by a regulatory- transcription factor. An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29.1. Response elements 
have the same general characteristics as 
upstream elements oT promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 Inducible transcription factors bind to 
response elements that identify groups ol promoters 
or enhancers subject to coordinate control. 



Regulatory Agent Module Consensus 



Factor 



Heat Shock HSE CNNGAANNTCCNNG HSTF 

Glucocorticoid GRE TGGTACAAATGTTCT Receptor 

Phortool ester TRE TGACTCA API 

Serum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the slartpoinl, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies- 
Response elements may be located in 
moters or in enhancers. Some types of elements 
are typically found in one rather than the oth er 
usually an HSE is found in a promoter, while * 
GRE is found in an enhancer. We assume tM 
all response elements function by the san* 
general principle. A gene is regulated by 0 
sequence at the promoter or enhancer thai • 
recognized by a specific protein. The fi rvtt ^. 
Junctions as a transcription factor needed p 
RNA polpnerase to initiate. Active protein 
available only under conditions when the^ 
to be expressed; its absence means that the 
moter is not activated by this particular ctr*' _ 
An example of a situation in which ft*- 
genes are controlled by a single factor js 
vided by the heal shock response. This is 
mon to a wide range of prokaryotes ^ 
eukaryotes and involves multiple contro w 
gene expression: an increase in temp* 1 " 3 4>l , 
turns of! transcription of some genes, lurnS 0r ,d 
transcription of the heal shock S 6 " 6 ^^ 
causes changes in the translation of & |f * 
The control of the heat shock genes »I} U ^ d ^ 
the differences between prokaryo uc ^ 
eukaryotic modes of control. In. bacteria, 3 ^4 
sigma factor is synthesized that dire* 15 ^ r 
polymerase holoenzyme to recognize an - 
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